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STUDIES  IN  FERMENT  ACTION. 
II.  THE  EXTENT OF  LEUCOCYTIC  PROTEOLYSIS.* 
BY  JAMES  W.  JOBLING,  M.D.,  AND  SOLOMON  STROUSE, M.D. 
(From  the  Morris  "Institute for  Medical  Research,  Chicago.) 
In the course of studies which we are making on the relation be- 
tween  ferment  action  and  certain  immunity  processes,  questions 
arose  as  to  the  nature  of  the  proteolytic  activity  of  leucocytes. 
Much work has been done on the presence  of proteolytic ferments 
of  leucocytes, but  few  inquiries  have  been  made  as  to  how  such 
ferments  act  or  what  relation  they bear  to  other  proteolytic  fer- 
men~ts, such as trypsin and pepsin. 
Friedrich Miiller  (I),  in his  study of  the  autolysis of  the pneumonic lung. 
showed  the  presence of  amino acids.  Feissinger and  Marie  (2)  found leuciu 
and tyrosin in the  end-products of  the  digestion of  egg albumin by leucocytes. 
Jochmann  and  Lockemann  (3)  used  a  glycerin  extract  of  the  alcoholic  pre- 
cipitate of autolyzed leucocytes,  and found that such an extract digested Witte'~ 
peptone to amino acids  (tyrosin crystals, tryptophan).  Erben (4)  and Sehumm 
(5)  found peptone and albumose in the blood serum of patients with myeloge- 
nous leukemia due, they thought, to the splitting action of ferments derived from 
the  leucocytes.  In all of  Opie's  (6)  work,  which will be  discussed more  fully 
later,  only once is mention made of the products of proteolysis; i.  e., the pres- 
ence of peptone in the pleura1 fluid three days after the injection of turpentine. 
Most workers  (see  Wiens  (7))  have  assumed that  the  demonstration of  a 
leucocytic ferment capable of  splitting protein was  equivalent to  demonstrating 
trypsin, and  practically all  studies  on  the  so  called  antiferment of  the  blood 
serum have tended to show that trypsin and the leucocytic ferment are one and 
the same.  Such findings are given by Jochmann and Kantorowicz (8).  Injecting 
animals with either leucoprotease or with trypsin produces in the serum a  sub- 
stance capable of  inhibiting the  action of  either  ferment.  This inhibiting sub- 
stance is presumed to be a true antibody, and since it acts alike on trypsin or on 
leucoprotease,  the  two  antigens are  identical  Further  than  this,  all  the  work 
done  by  Mfiller,  Jochmann,  Wiens,  and  Kantorowicz  with  the  Mfiller  plate 
method has shown simply the presence of  a  proteolytic ferment? 
* The first paper in this series,  "A Chemobiological Study of the Relations of 
Pepsin  to  So-called Antipepsin," by  Walter  W.  Hamburger,  appeared  in  The 
Journal  of  Experimental  Medicine,  1911, xiv,  535.  Received  for  publication, 
May 17,  1912. 
1A  long  review  of  this  work  and  a  complete  bibliography  is  given  by 
Wiens  (7). 
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From this brief  review of the literature it  will be  seen that  we 
were confronted with the view that leucoprotease is  a  tryptase; we 
were, therefore, much surprised at  finding in our first experiments 
some  striking  differences  in  reaction  between  trypsin  and  leuco- 
protease.  In these experiments we attempted to compare the total 
incoagulable nitrogen of the digestion mixtures with the amount of 
amino acids as determined by the Sorenson,method of formol titra- 
tion.  The  figures  for total  incoagulable  nitrogen were practically 
equal,  while  formol titration gave constantly a  much higher figure 
for trypsin  than  for leucoprotease,  indicating that  trypsin  carried 
digestion further than did leucoprotease. 
In the preliminary work we used dried powdered leucocytes, and 
compared their action with that of powdered trypsin of commerce. 
If  leucoprotease  and  trypsin  are  identical,  the  products  of  their 
digestion should be  identical,  and  they should  withstand the  same 
treatment, so we studied first the comparative action of commercial 
trypsin and powdered leucocytes.  From the very beginning it was 
evident that these ferments are not identical, and the results of all 
of our experiments were strikingly uniform. 
Since our results depend in great part on the methods employed, 
it will be necessary to go into the technique in some detail. 
Preparation  of  Trypsin.--Pure  pancreatin  (United  States  Pharmacopeia, 
Sharp and Dohme)  was  further purified by precipitation by acid alcohol  from  a 
weakly  alkaline  solution,  extracting  with  physiological  salt  solution,  and  repre- 
cipitating  with  alcohol.  This  purified  powder  was  soluble  in  physiological  salt 
solution  and was  so used  in all  experiments. 
Leucocytic Ferment.--Inflammatory  pus  containing  polymorphonuclear  leu- 
cocytes  and  almost  no  other  cellular  elements  was  sent  immediately  after 
removal  from the operating  rooms  of  the hospital  to  the laboratory.  The  cells 
were then freed immediately by centrifugalization  from any accompanying fluid, 
and  were  washed  three  times  in  physiological  salt  solution.  The  pus  was  then 
washed  once  with  alcohol  and  dried  with  ether.  A  large  amount  of  this  dried 
powder  was  kept in  stock  in  sealed  dark  bottles. 
The  first  experiments  deal  entirely  with  the  alkaline  ferments  which  were 
extracted  from the  dried  powder by sodium carbonate.  N/2o  sodium carbonate 
solution was added to a  given quantity of the powder and left at 55 °  C.  for one 
hour;  then this was diluted with physiological salt solution to  N/5o  and allowed 
to  stand  for  one hour,  and  finally was  diluted  to  N/2oo sodium  carbonate.  A 
little  toluol  was  added  and  the  mixture  was  left  at  37  °  C.  over  night.  When 
ready  for  use  the  next  day  the  toluol  was  removed,  the  mixture  was  cen- 
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Dosage.--Preliminary experiments  showed that in the digestion of beef serum 
as  measured by incoagulable nitrogen, 0.004 gin. of purified trypsin was equivalent 
to  0.04  gin.  of  leucoprotease.  Therefore,  in  using  trypsin,  0.004  gin.  was  dis- 
solved in  5  c.c.  of  physiological  salt  solution;  and  the  leucoprotease  was  made 
up  so that  5  c.c.  of  N/2oo  sodium  carbonate  contained  0.04  gin.  of  the  original 
powder. 
Chemical Methods.--In  working  out  chemical  methods  our  object  was  to 
measure  large  fractions  of  the  digestion  mixture,  so  that  proportions  could  be 
compared.  The fractions we attempted  to estimate were:  (I)  total incoagulable 
nitrogen;  (2)  proteoses;  (3)  peptones;  (4)  amino acids.  The test for trytophan 
was  also  done. 
The  technique  we  finally  employed  gave  us  four  divisions,  not  exactly  as 
outlined, but ones which  for purposes  of comparison were just  as useful.  After 
the necessary time  (as given in the individual protocols)  had  elapsed,  the ¢oagu- 
lable protein,  representing the undigested nitrogen, was precipitated by acidifying 
with a  mixture containing: 
Acetic acid  ......................................  5  c.c. 
Sodium  chlorid  .................................  Io gin. 
Water  ...........................................  Ioo c.c. 
The contents of the flask were then brought  to the boiling point and  filtered. 
The  filtrate  from this  was  neutralized  in  order  to  precipitate the acid  albumin; 
but as we never found a  precipitate on neutralization,  this step was  subsequently 
omitted, and the acid filtrate was used as  follows. 
Five  or  ten  c.e.  were  withdrawn  and  used  for  the  bromin  water  test  for 
tryptophan.  Many  comparative  titrations  were  made  on  the  whole  mixtures 
before precipitation,  and on their corresponding  filtrates, in order to see whether 
the  precipitation  changed  the  figures  given by  formol  titration.  As  no  change 
was  produced  by  this  procedure,  and  as  formol  titration  is  easier  to  perform 
on the filtrate, this method was adopted. 
The  remaining  filtrate  was  then  divided  into  two  equal  portions.  On  one 
half  a  Kjeldahl  determination  was  made  for  total  incoagulable  nitrogen.  The 
other  half  was  saturated  at  the boiling  point  with  crystals  of  sodium  sulphate, 
filtered  hot,  and  washed  with  a  saturated  aqueous  solution  of  sodium  sulphate. 
The  precipitate  represents  the  proteose  fraction,  and  the  filtrate  represents  all 
products  of  digestion  below  the  proteoses.  For  the  sake  of  simplicity  this 
fraction will be called the peptone  fraction.  Kjeldahl determinations  were made 
on the proteose  fraction  and  on the peptone  fraction,  so that  for each  digestion 
mixture  four  fractions  were  measured. 
In  all  the  protocols  the  figures  given  represent  the  number  of  cubic  centi- 
meters of N/Io sulphuric acid neutralized  by the  distillate,  and  the result of the 
formol  titration  is  correspondingly  expressed  in  cubic  centimeters  of  N/xo 
sodium  hydrate.  In  order  to  make  the  results  of  some comparative  value,  the 
figures  are  given  for  Ioo  e.c.  of  original  digestion  mixture.  Although  this 
method  does not give absolutely accurate  results,  it serves very well its purpose 
of giving comparative values,  and  is not difficult of execution. 
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and  peptone  fractions  should  theoretically  have  equalled  those  for  the  total 
incoagulable  nitrogen,  but  in  many  instances  they  exceeded  them.  A  partial 
explanation  for  this error  is  found  in  the  fact  that the  presence  of  the  sodium 
sulphate accelerates the oxidation  and gives,  therefore, a  somewhat larger  figure 
for  nitrogen.  Furthermore,  any  small  error  was  multiplied  greatly  by  the 
method of  expressing the  results,  so that this apparent  discrepancy  was,  in  fact, 
not very great. 
General  Procedure.--Each  experiment  was  planned  as  a  whole  with  the 
necessary controls.  The zymolite  2 was made up in toto  for each experiment and 
divided  into  flasks  to  which  the  ferments  were  added.  The  flasks  were  then 
incubated,  the temperature  and the duration  of incubation being indicated in the 
protocols.  In  all  instances  toluol  was  added to  each  flask  to  prevent  bacterial 
growth.  The  experiments  that we  cite  are  merely  examples  that were  repeated 
and verified. 
Experiment  z.--The  zymolite  used  in  this  experiment  was  casein,  and  this 
was made up as a  I  per cent. solution in o.I  per cent.  sodium carbonate solution. 
To  flask  I,  containing  IOO  c.c.  of  casein  solution,  were  added  Io  c.c.  of  physi- 
ological  salt  solution  containing o.oo8  gm.  of  trypsin;  to  the  second  flask,  con- 
taining  IOO c.c of casein  solution,  were  added  IO c.c.  of  N/2oo  sodium  carbonate 
in  physiological  salt  solution  containing  the  extract  of  0.o8  gin.  leucoprotease. 
A  third flask contained ioo c.c.  of casein solution, and a  fourth contained  Io c.c. 
of  leucoprotease  extract.  Digestion  continued  for  forty-eight  hours  at  37  °  C. 
The  results  of  this  experiment  are  given  below;  for  simplicity  in  expression 
the control  figures  are  not given,  but corrections  have been made in  expressing 
the results. 
Flask  i. 
Trypsin. 
Incoagulable  nitrogen  .............  80.o 
Proteose  ..........................  I4.O 
Peptone  ..........................  75.o 
Amino acids  .......................  Io.o 
Tryptophan  .......................  q- 
Flask  2. 
Leucoprotease. 
84,o 
40.0 
49.O 
I.O 
0 
From the results of this experiment it is seen that, when measured 
by the incoagulable nitrogen, leucoprotease carried the digestion as 
far as trypsin, or slightly further.  This indicated that the amounts 
of  ferments  used  corresponded.  The  amino  acid  fraction  with 
leucoprotease was, however, practically nil.  The proteose  fraction 
with leucoprotease was considerably greater than with trypsin, and 
the peptone fraction was correspondingly smaller.  Further, the tryp- 
tophan reaction was positive with trypsin and negative with leucopro- 
tease.  This means that digestion with leucoprotease as performed 
in this experiment did not progress as far as the tryptic digestion. 
Loevenhart's  (9)  suggestion that the word  zymolite be used  instead of  sub- 
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The part played by the duration  of the digestion was investigated 
in experiments  2  and  3. 
Experiment 2.--This  was  like  experiment  I  except  that  the  digestion  was 
interrupted at the end of six hours. 
Flask x. 
Trypsin. 
Incoagulable  nitrogen  .............  36.5 
Proteose  ..........................  8.5 
Peptone  ...........................  35.o 
Amino  acids  ......................  5.0 
Tryptophan  .......................  + 
Flask 2. 
Leucoprotease. 
37.5 
25.o 
18.o 
:2.0 
0 
The  results in experiment  2  were  practically identical with  thosa 
in experiment  I.  The  total digestion was considerably less, but the 
proportions were about the same. 
Experiment 3.--This  was  like  experiments  I  and  2,  but  the  digestion  was 
allowed to proceed /or seven days. 
Flask x.  Flask 2. 
Trypsin.  Leucoprotease. 
Incoagulable nitrogen  ..............  6o.0  65.0 
Proteose  ..........................  2.0  18.o 
Peptone  ..........................  60.0  59.0 
Amino  acids  ......................  17.o  5.0 
In  experiment  3  the  tryptophan  test  was  not  made.  In  this  ex- 
periment  the  differences  between  the  digestion by  trypsin  and  that 
by leucoprotease  were  not  so  great  as  in experiments  I  and  2;  but 
with the  leucoprotease the  low figure/or  amino  acids persisted and 
the proteose  fraction was higher. 
Zymolites  other  than  casein were  next  used  and  a  typical  result 
with beef serum  is given in experiment  4. 
Experiment 4.--The  serum  here used  was  made  up  as  a  25  per  cent.  solu- 
tion in  physiological salt and heated to  75 °  C.  for one half hour  before being 
used.  The other details of the experiment correspond with those of the experi- 
ments  just  outlined.  The  control  flask  without  ferment  always  contained  a 
certain  amount  of  proteose  and  peptone,  for  which  corrections  were  made. 
Digestion continued for  forty-eight hours at 37 °  C. 
Flask x. 
Trypsin. 
Incoagulable nitrogen  ..............  88.0 
Proteose  ..........................  18.o 
Peptone  ...........................  75.0 
Araino  acids  ......................  20.0 
TryI~tophan  .......................  + 
Flask 2. 
Leucoprotcase. 
63.0 
39.0 
35.0 
6.0 
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With the exception that the total inco  agulable nitrogen was com- 
paratively lower with leucoprotease in experiment 4 than in experi- 
ment  I,  the  results  in  the two  corresponded exactly; the proteose 
fraction was high, the peptone low, the amino acid practically zero, 
and the tryptophan reaction negative. 
Precipitated  egg  albumin  was  used,  but  proved  to  be  poorly 
adapted  for our  experiments.  However,  the  results,  while not  so 
definite as  with  the  two  other zymolites,  were,  in  a  general way, 
similar. 
Experiment 5.--Purified  egg  albumin  made  up  as  o.4  per  cent.  solution  in 
N/2oo  sodium carbonate.  Digestion at 37 °  C.  proceeded  for  six days. 
Flask x. 
Trypsin. 
Incoagulable nitrogen  ..............  21.o 
Proteose  ..........................  4.o 
Peptone  ...........................  26.o 
Amino  acids  ......................  6.o 
Tryptophan  .......................  o 
Flask 2. 
Leucoprotease. 
II.2 
8.0 
4.0 
O 
O 
The small amount of digestion that occurred here greatly magni- 
fied the apparent  errors,  but  the main points  were the same as  in 
previous  experiments.  With  leucoprotease  the  proteose  fraction 
was  comparatively high,  the  peptone  fraction  comparatively low, 
and the amino acid fraction was zero. 
Using Witte's peptone as a  zymolite, trypsin was  found to pro- 
duce a  high figure for amino acids and a  markedly positive trypto- 
phan reaction, whereas leucoprotease had no digestive activity at all. 
The importance of this observation will be emphasized subsequently 
in the second part of the paper. 
Summary.--All  these experiments were conducted with an alka, 
line extract of leucocytes which had been washed previously in salt 
solution and dried after washing with alcohol and ether.  Such an 
extract contains a proteolytie ferment which, however, differs from 
trypsin in not carrying proteolysis so far.  The amount of proteoses 
formed by this  ferment exceeds greatly that  found in  true tryptic 
digestion, whereas the products of digestion below the proteoses are 
formed to a lesser extent.  These facts, coupled with the inability of 
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by alkaline extraction of dried leucocytes does riot split to any extent 
beyond  the  proteose  stage,  and  is,  therefore,  not  identical  with 
trypsin.  If, however, the facts in the literature previously cited are 
true,  untreated  leucocytes  contain  a  ferment  capable  of  such 
splitting,  and  this  must  have been  lost  in  the  process  of  treating 
the pus. 
Experiments were then started with fresh dog leucocytes obtained 
by  injecting aleuronat  into  the  pleural  cavity  of  dogs  and,  after 
twenty-four  hours,  bleeding  the  animals  to  death  under  ether 
anesthesia.  The  exudate  obtained  in  this  manner  contains  some 
red blood cells, but consists mainly of polymorphonuclear leucocytes 
(as was pointed out by Opie).  The exudate was freed from serum 
by  centrifugalizing and  washed  three  times  in  physiological  salt 
solution. 
Experiment 6.--In  this  experiment  I  per  cent.  casein  in  o.I  per  cent.  sodium 
carbonate made up in physiological salt solution was used as the zymolite.  Flask 
I  contained  50  c.c.  of  the  casein  solution  and  0.0o  4  gin.  of  trypsin;  flask  2, 
50  c.c.  of  casein  solution  and  5  c.c.  of  a  IO  per  cent.  suspension of  washed  dog 
leucocytes  in  physiological  salt  solution;  flask  3  contained  50  c.c.  of  physi- 
ological  salt  solution  and  5  c.c.  of  a  IO  per  cent. suspension of  cells.  Digestion 
continued  for  forty-eight  hours  at  37 °  C. 
Flask x.  Flask 2.  Flask 3. 
Trypsin and  Leucocytes and  Leucocytes. 
casein,  casein.  (  control  ). 
Incoagulable  nitrogen  ......  71.o  85.0  I4.O 
Proteose  ..................  8.0  3o.o  IO.O 
Peptone  ...................  62.0  55.o  7.o 
Amino  acids  ...............  I I.O  I i .o  3.o 
Tryptophan  ................  ++  -t-  o 
This experiment differs from those quoted above,  for the diges- 
tion with leucocytes here gives  (I)  a  positive tryptophan  reaction 
and  (2)  an amount of the amino acids equal to that  found in the 
trypsin flask.  The proteose  fraction, however, is  again somewhat 
higher than in the trypsin control.  This experiment indicates the 
presence  in  fresh  leucocytes  of  a  ferment  capable  of  splitting 
prot~oses and peptones, and further proof of this action is found in 
the digestion of Witte's peptone. 
Experim,  nt  7.--Witte's  peptone  in  I  per  cent.  solution  was  used  as  the 
zymolite.  To "~o c.c. of the peptone  solution  were  added  IO  c.c.  of a  IO per  cent. 276  Studies  in  Ferment  Action. 
suspension  of  washed  leucocytes.  In  order  to  compare  results  with  those 
previously  given,  the  contents  of  the  flask  were  made  alkaline  (o.2  per  cent. 
sodium  carbonate).  Another  flask  containing  ingredients  which  were  the same, 
but  which  had  been  boiled  at  once,  served  as  control. 
five days. 
Flask x.  Flask 2. 
Leucocytes  Leucocytes boiled 
(fresh).  (control). 
Incoagulable  nitrogen  .............  55.0  60.0 
Proteose  ..........................  2.0  26.0 
Peptone  ...........................  5o.0  36.0 
Amino  acids  ......................  9.0  4.0 
Tryptophan  .......................  +  o 
Digestion  continued  for 
A  comparison  of  these  two  columns  of  figures  shows  that  the 
flask  containing  the  live  leucocytes  underwent  digestion  to  the 
amino acid stage ; that is, living leucocytes contain a ferment capable 
of splitting Witte's peptone.  This was evidence of the presence in 
fresh leucocytes of an ereptic  ferment which is  lost  somewhere in 
the process of drying.  As is well known, and as is  seen from the 
control  figures,  Witte's  peptone  contains  a  comparatively  large 
amount of proteose and some amino ,acids. 
These experiments show  that  proteolysis by leucocytes is  not  a 
simple affair, and the next step in the problem was to determine, if 
possible,  the mechanism of the  reaction.  Opie's  (IO)  analysis  of 
leucocyte ferments revealed two :  ( I  )  leucoprotease  derived  from 
the polymorphonuclear leucocytes and acting in an alkaline medium, 
and (2)  lymphoprotease, derived from cells originating in lymphatic 
tissue  and acting in an acid medium.  The latter  ferment loses  its 
activity on  being heated  to  7o ° C.  for one  half  hour,  and  is  also 
somewhat impaired in  the process of drying.  All  of Opie's  work 
was done on native proteins as zymolites, and the extent of digestion 
was  measured by the incoagulable nitrogen. 
In  our  next  series  of  experiments  we  attempted  to  determine 
whether the  ereptic  ferment  of  our  experiments  is  simply  Opie's 
acid-acting lymphoprotease, or whether it is a different ferment.  In 
these experiments both  fresh dog leucocytes and washed pus were 
used and all experiments were performed at 55 ° C. under toluol. 
Experiment 8.--In  this  experiment,  the  effect  on  the  proteolytic  ~etivity  of 
fresh dog leucocytes of an acid and  an alkali,  and  also the effect of :leat  (7  °0  C. 
for  half  an  hour)  were  studied.  Beef  serum,  25  per  cent.  in  pb.csiological salt James  W.  Jobling  and  Solomon  Strouse.  277 
solution, was used as the zymolite, and a  IO  per cent.  suspension of  fresh washed 
dog  leucocytes  was  employed. 
Flask  I  contained  serum  50  c.c,,  plus  leucocytes  Io  c.c,  The  reaction  of  the 
flask  was  equivalent  to  0.2  per  cent.  sodium carbonate. 
Flask  2  contained  serum  50  c.c,,  plus  leucocytes  Io  c.c.  The  reaction  of  the 
flask was  equivalent to  o.2  per  cent.  acetic  acid. 
Flask 3  was the same as flask  I,  except that the leucocytes were heated to  70  ° 
C.  for  half  an hour. 
Flask  4  was  the  same  as  flask  2,  except  that  the  leucocytes  were  heated  to 
70  °  C.  for  half  an hour. 
Flask 5  contained  serum 5o c.e., plus leucocytes  Io c.c., boiled  immediately. 
F]ask *.  Flask e.  Flask 3-  Flask 4.  Flask 5. 
(Alkali and  (Acid and  (Heat 
(Alkali.)  (Acid.)  heat.)  heat.)  alone.) 
Ineoagulable  nitrogen  ....  24.0  20.0  20.0  Io.o  IO.O 
Proteose  .................  I5.o  Lost  9.o  6.0  6.0 
Peptone  ..................  Io.o  Io.o  Io.o  4.0  4.0 
Amino  acid  ..............  7.0  6.0  3.0  I.o  x.o 
Tryptophan  ...............  -t-  -I-  o  o  o 
End  reaction  Alkaline  Acid  Alkaline  Acid  ? 
In this  experiment several interesting and important points  may 
be noted.  The fresh leucocytes acted in acid medium only to a slight 
degree less  than in  an alkaline medium,  and  in each instance pro- 
teotysis extended to the amino  acids.  One might  infer  from this 
that only one ferment is present, and that this one is capable of act- 
ing in either alkaline or acid medium, but comparison of the figures 
for flasks ,3 and 4 shows that this is not the case.  In these two flasks 
the leucocytes had been heated to 7  °o C.  for one half hour.  In flask 
3  there is still  considerable digestion in an alkaline medium, while 
flask 4 shows the same results as the control.  In other words, heat- 
ing had completely inhibited the action of the acid-acting ferment, 
while it had only slightly impaired the action of the ferment acting 
in an alkaline reaction. 
Almost as high a figure was obtained for incoagulable nitrogen in 
flask 3 as in flask I, but in flask 3 the amino acids were diminished 
and the tryptophan test was negative.  This means that the peptone- 
splitting action of the ferment active in alkaline solution was partly 
destroyed by heating to 7  °o C.  That this action may be due to the 
acid-acting proteose must be considered, since both are destroyed at 
7  °o C., but th, is assumption is definitely disproved by the results in 278  Studies  in  Ferment  Action. 
flask  i,  where it  is  seen that,  although  ereptic digestion occurred 
the end  reaction was alkaline.  Consequently this peptone-splitting 
ferment is active in an alkaline medium and must be different from 
the acid-acting ferment. 
These deductions were tested further by using Witte's peptone as 
a  zymolite.  This experiment was performed at the same time and 
under the same conditions as experiment 8. 
Experiment 9.--Flask  I  contained peptone  I  per  cent.,  50  c.  c.,  plus leucocytes 
Io e.c.  The reaction of the flask was equivalent to 0.2  per cent. sodium carbonate. 
Flask  2  contained  peptone  I  per  cent.,  50  c.c.,  plus  leucocytes  IO  c.e.  The 
reaction  of  the  flask  was  equivalent  to  0.2  per  cent.  acetic  acid. 
Flask  3  was  the  same  as  flask  I;  the  leucocytes  were  heated  to  70  °  C.  for 
half an  hour. 
Flask 4  was the same as flask 2;  the leucocytes were  heated to 7o  °  C.  for  half 
an  hour. 
Flask 5  contained peptone  and  leucocytes that had  been boiled  immediately. 
Flask L  Flask e.  Flask 3.  Flask 4.  Flask 5. 
(Alkali and  (Acid and  (Heat 
(Alkali.)  (Acid.)  heat.)  heat.)  alone.) 
Ineoagulable  nitrogen  ....  89.0  9I.o  95.0  72.0  72.0 
Proteose  .................  39.0  28.0  34.0  28.0  34.0 
Peptone  ..................  5.3.0  68.0  63.0  48.0  45.0 
Amino  acids  .............  I2.o  I6.o  8.0  7.0  5.0 
Tryptophan  ...............  +  +  o  o  o 
End  reaction  Alkaline  Acid  Alkaline  Acid  ? 
Although the figures given here may seem at first sight somewhat 
confusing, it must be remembered that Witte's peptone is a mixture 
of proteoses, peptones,  etc.,  in unknown proportions.  The  amino 
acid figures are, therefore, the most important indices of digestion, 
and it can be seen that we may make the same deductions here as 
were made  from experiment 8.  An ereptic  ferment is  present in 
fresh leucocytes, and this is not the same as the acid-acting lympho- 
protease  of  Opie.  The  ereptic  ferment  is  active  in  either  aft 
alkaline or an acid medium. 
Subsequent experiments were undertaken with the dried powdered 
leucocytes to  determine whether under conditions other than those 
imposed in  the  first experiments ereptic activity might  be demon- 
strated.  These  experiments  showed  that  whether  the leucocytes 
were used in alkali, acid, or neutral medium, ereptic activity was not James  W.  Jobling  and  Solomon  Strouse.  279 
demonstrable.  They showed  further that the acid-acting  protease 
was  still present,  thus giving additional evidence  for the view that 
ereptase and the acid-acting protease  are not identical. 
SUMMARY. 
This work proves that the proteolytic action of leucocytes is not 
a  simple cleavage by one ferment.  There are present two proteases, 
one acting in an alkaline medium and the other in an acid medium. 
This confirms Opie's  work.  In the  leucocytes there was  found in 
addition an ereptic ferment ~vhich is capable of acting in an acid or 
alkaline medium.  Since this action is lost by heating to 7  °0 C., and 
by  drying  and  keeping  the  leucocytes,  it  probably  represents  a 
ferment which acts on the digestion products of the two proteases. 
Analogy with other ferments in the body confirms this opinion. 
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